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Description 

[0001] This invention is a method for the preparation 
of hydrophobic polymeric microparticles which are use- 
ful for protein drug delivery, and the microparticles pre- 
pared thereby. 

[0002] Microparticles prepared from synthetic poly- 
mers are currently a popular means to deliver drugs or 
other substances In a controlled fashion because of the 
chemist's ability to tailor the polymer properties to satisfy 
particular needs, such as degradability, swelling, per- 
meability, temperature and pH sensitivity. Synthetic pol- 
ymers must be selected that are hydrophobic so that 
they retain their integrity for a suitable period of time 
when placed in an aqueous environment, such as the 
body, and stable enough to be stored for an extended 
period before use. 

[0003] A number of polymers have been used as a 
matrix material for delivery devices, including polyanhy- 
drides. polyesters, polyamides, polyurethanes, poly- 
orthoesters, polyacrylo nitrites, and polyphosphazenes. 
Examples of synthetic polymers used for encapsulation 
of bioactive substances are described in European Pat- 
ent Application No. 377 477. 

[0004] Hydrophobic polymeric delivery devices are 
currently prepared in a variety of ways. A number of 
processes involve the use of heat. One example is the 
melt fabrication technique, that includes the steps of 
melting a polymer, mixing the melted polymer with the 
substance to be delivered, and then solidifying the load- 
ed polymer by cooling. Melt fabrication processes can 
only be used with polymers that have a melting point 
that is below the temperature at which the substance to 
be delivered and polymer degrade or become reactive. 
Microparticle fabrication techniques that involve heat 
are not suitable for the loading of sensitive biological 
materials, such as proteins, bacteria, cells, including hu- 
man cells, and liposomes, which are destroyed or inac- 
tivated under these conditions. 
[0005] Microencapsulation has also been accom- 
plished by spray-drying, wherein aqueous latexes of 
polymers or organic solutions of polymers are sprayed 
in a stream of hot air, and dried simultaneously. The wa- 
ter or other solvent is eliminated from the latex on expo- 
sure to the hot air, that is typically at a temperature of 
up to 140° C. This technique cannot be used with soft 
polymer latexes which have a glass transition tempera- 
ture near room temperature. 

[0006] Alternatively, the device can be prepared by 
solvent casting (refen-ed to as the solution evaporation 
or phase separation technique), wherein the polymer is 
dissolved in a solvent, and the substance to be delivered 
dissolved or dispersed in the polymer solution. The sol- 
vent is then evaporated or otherwise separated, leaving 
the substance in the polymeric matrix. For example, the 
*477 European Patent Application discloses a process 
for the preparation of microcapsules wherein the bioac- 
tive substance to be delivered is initially dispersed in an 



organic solution of polymer, and a second "hardening" 
organic liquid added to force phase separation of the 
polymer with encapsulated bioactive substance from 
the solution. The microcapsules are then collected, 

5 washed and dried. 

[0007] Solvent casting requires that the polymer be 
soluble in organic solvents, and is limited to the prepa- 
ration of microparticles loaded with materials that are 
not sensitive to organic solvents. Organic solvents often 

10 adversely affect biologically active materials. For exam- 
ple, sensitive proteins, including antigens and enzymes, 
can be denatured by organic solvents. Beneficial bac- 
teria, including genetically engineered bacteria, and 
cells, including human cells, can be killed by organic sol- 

15 vents, and liposomal structures can be broken down by 
organic solvents. 

[0008] Polyelectrolytes can be used for the encapsu- 
lation of biologically-labile materials without the use of 
heat or organic solvents. U.S. Patent No. 5,149,543 de- 

20 scribes a process wherein water-soluble polyelectro- 
lytes are crosslinked with multivalent ions of opposite 
charge to form a gel capable of encapsulating biological 
material. This method is limited to polymers containing 
ionic groups and requires a microcapsule stabilization 

25 stage due to the sensitivity of ionotropic gels to ionic 
strength and pH changes. 

[0009] Bodmeier et al (1993) J. Pharm. Sci. 82. 
191-194 disclosed fonning sustained release polymer 
particles by the use of an alginate / calcium chloride in- 
30 teraction. 

[0010] In light of the strong need to deliver sensitive 
biological materials, such as proteins, bacteria, cells, in- 
cluding human cells, and liposomes, in a controlled 
fashion to a patient, it would be desirable to have a proc- 

35 ess for the encapsulation of these materials that does 
not require harsh conditions that can adversely affect 
the material, such as elevated temperature, or the use 
of organic solvents. It would also be desirable to have 
a process for the encapsulation of sensitive biological 

40 materials that does not require a stabilization step. 
[001 1] It is therefore an object of the present invention 
to provide a process for the preparation of microparticles 
that does not require the use of elevated temperatures 
or organic solvents. 

45 [0012] It is another object of the present invention to 
provide a process for the preparation of microparticles 
of sensitive biological materials that does not require a 
stabilization step. 

[0013] It is another object to provide microparticles 
50 with incorporated substances that are not prepared un- 
der harsh conditions that adversely affect the sub- 
stance. 

SUMMARY OF THE INVENTION 

55 

[0014] A method for the preparation of microparticles 
containing a substance to be delivered, and the product 
thereof, are disclosed. The method can be used to en- 
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capsulate biologically active materials, including labile 
materials such as proteins, liposomes, and procaryotic 
and eucaryotic cells. The method includes dispersing a 
substantially water insoluble non-ionic or ionic polymer 
In an aqueous solution In which the substance to be de- 5 
livered is also dissolved, dispersed or suspended, and 
then coagulating the polymer together with the sub- 
stance by impact forces to form a microparticle. 
[0015] The shape and size of microspheres depend 
on the polymeric dispersion concentration, polymer ex- 
trusion rate, air pressure and configuration of nozzle. 
[0016] A preferred means to coagulate the polymer 
with the substance to be delivered is by shear coagula- 
tion, wherein the aqueous polymeric dispersion is forced 
through an air-atomization nozzle, pneumatic nozzle, or 15 
microfluidizer. Coagulation can also be induced by 
steep shearing gradients in high-speed stirrers or colloid 
mills. As an example, a 7% dispersion of poly{lactic acid) 
mixed with 20% Pluronic™ (a block copolymer of poly- 
ethylene oxide and polypropylene oxide, supplied by 20 
BASF Corporation) with a particle size smaller 10-1 5 ^m 
was coagulated into particles of irregular shape with a 
size larger than 30-50 |xm using a microfluidizer. 
[001 7] In one embodiment, microparticles can be pro- 
duced using the mild technique of simultaneous coagu- 25 
lation and spraying of a mixture of an aqueous polymer 
dispersion and a solution of biological material to be en- 
capsulated into deionized water. Microparticles pre- 
pared in this manner can be loaded with sensitive bio- 
logical materials that are not significantly denatured, de- 30 
graded, killed, or otherwise inactivated. 
[0018] Microparticles can be prepared from nonbio- 
degradable polymers such as acrylates or methacr- 
ylates, or from biodegradable polymers. In a prefenred 
embodiment, the microparticle is fabricated from 35 
EUDRAGIT NE 30 D (Rohm Pharma GmbH, Weigers- 
tadt, a copolymer of ethylacrylate and methylmethacr- 
ylate in a molar ratio of 2:1 of the two monomers, re- 
spectively, a mean molecular weight of 800,000 Da, 
which is dispersed in water to form a 30% aqueous dis- 
persion with mean particle size 250 nm). The copolymer 
Is not rapidly degraded in vivo. The copolymer swells in 
water. Biologically active molecules pass through the 
polymer substantially by diffusion when the system Is 
exposed to an aqueous environment. The permeability ^5 
of the polymer matrix can be reduced by addition of hy- 
drophobic substances or can be increased by hy- 
drophilic substances. 

[0019] Biodegradable polymers that can be used as 
the matrix material Include those that degrade enzymat- so 
ically and those that degrade hydrolytically. While the 
process described herein is a water-based process, hy- 
drolytically unstable polymers can be used in the proc- 
ess as long as they do not degrade to an unacceptable 
extent during the short time that they are in the aqueous 55 
solution during fabrication. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 is a graph of the percent cumulative 
release overtime (hours) of fluorescein-labeled bovine 
serum albumin (FITC-BSA) from microspheres of poly 
(ethyl acrylate-co-methyl methacrylate) (monomer ratio 
2:1. respectively, mean molecular weight 800.000 Da). 
The microspheres were loaded with 4.27% FITC-BSA 
with an efficiency of encapsulation of 64.7%. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] A method for the preparation of microparticles 
loaded with a substance, and in particular, a biologically 
active material, and the product thereof, are disclosed. 
The process represents a significant advance in the art 
of the preparation of pharmaceutical delivery devices, 
in that it avoids the use of organic solvents, can be car- 
ried out without heat, if desired, is highly reproducible 
and requires few processing steps. 
[0022] In a preferred embodiment, the process is car- 
ried out at ambient temperature or below. The process 
can alternatively be carried out at an elevated temper- 
ature below the boiling temperature of water, as desired, 
if the substrate is not temperature sensitive. As the tem- 
perature is increased, in general, the size of the micro- 
particle increases. 

[0023] Microparticles can be prepared using this proc- 
ess that have a wide range of shapes and sizes. As used 
herein, the term microparticle refers to a solid particle 
typically ranging in size between approximately 1 and 
1000 microns. Microparticles between approximately 
one and ten microns are often used for certain biological 
applications, such as for the oral administration of vac- 
cines, and a size of less than 8 ^im used for diagnostic 
imaging microcapsules for lungs. Spherical particles are 
prefenred for many biological applications, however, 
nonspherical particles can be used in appropriate cas- 
es. 

[0024] Different coagulation techniques can produce 
microparticles of differing shapes. For example, it has 
been observed that coagulation by air atomization usu- 
ally provides spherical microparticles, whereas micro- 
fluidizers typically produce irregularly shaped particles. 
[0025] Any hydrophobic polymer can be used In the 
preparation of the microparticle that provides the de- 
sired product using the procedure described herein, in- 
cluding biodegradable and nonbiodegradable poly- 
mers. Likewise, any desired substance can be encap- 
sulated in the microparticle using this process, including 
biologically-labile materials. Nonlimiting examples of 
polymers for encapsulation and substances that can be 
delivered are described in detail in Sections I and II, re- 
spectively. The process for producing hydrophobic pol- 
ymeric microparticles is described in detail in Section III. 
Given the description of the process set out below, one 
of ordinary skill in the art will be able to prepare a wide 
variety of microparticles for diverse applications, ail of 
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which are intended to fall within the scope of this inven- 
tion. 

1. Selection of Polymers for Preparation of 
Microparticle ^ 

[0026] A wide variety of polymers can be used to form 
the micropartlcles described herein. A polymer should 
be selected that: (1) Is substantially insoluble, and pref- 
erably, soluble only to an extent of approximately 1 % or io 
less by weight, in the aqueous solution of use for the 
dispersion, such as water, a buffered salt solution, or 
aqueous acid, base or alcohol solution; and (ii) can form 
an aqueous dispersion (preferably 1-45% w/w polymer 
in aqueous solution) In the presence or absence of an ^5 
agent modifying the surface properties of the polymer. 
For example, Eudragit S100 polymers (copolymer of 
methacrylic acid and methylmethacrylate In a ratio of 1: 

2, mean MW 135,000 Da, Rohm Pharma GmbH, 
Weigerstadt) are insoluble at a pH below 7, Eudragit 20 
LI 00 polymers (copolymer of methacrylic acid and 
methylmethacrylate in a ratio of 1:1, mean MW of 

1 35,000 Da) are insoluble at a pH below 6. and Eudragit 
L30D polymers (copolymer of methacrylic acid and 
ethylacrylate, in a ratio of 1:1, molecular weight of 25 
250,000 Da) are Insoluble below pH 5.5. Water-swella- 
ble polymers can also be used to prepare the microcap- 
sule. In addition, mixtures of polymers and polymer 
blends can be used to fabricate the microparticle. 
[0027] Examples of polymers that fall within these cat- 30 
egories are partially or completed esterified polymers or 
copolymers of acrylic or methacrylic acid, polyphosp- 
hazenes, polycarbonates, polylactic acid, polyglycolic 
acid, copolymers of lactic acid or glycolic acid, for ex- 
ample, polymers or copolymers of lactic acid or glycolic 35 
acid with alkylene glycols, including but not limited to 
ethylene glycol and propylene glycol, polyhydroxybutyr- 
ic acid, polyorthoesters. polyanhydrides. polysiloxanes, 
polycaprolactone, or copolymers prepared from the 
monomers of these polymers. Water-swollen copoly- 40 
mers of monomers of the above polymers with mono- 
mers of hydrophilic polymers such as polyvinylpyrro- 
lidone, polyvinylalcohol, poly hydroxyethylmeth aery late, 
polyacrylamide or polymethacrylamide, polyethyleneg- 
lycol or polyelectrolytes, can also be used. Polyelectro- 45 
lytes having acidic or basic side groups can be used in 
the pH range of aqueous solutions where their solubility 
is limited. Examples are poly(acrylic and polymethacryl- 
ic acids). poly[di(carboxylatophenoxy)phosphazene), 
sulfonated polymers and copolymers in acidic solutions, so 
poly(vinyl amines), and poly{vinylpyridine) in basic wa- 
ter solutions. 

[0028] Polymers of any molecular weight can be used 
in the process that provide a microparticle with the de- 
sired properties. A preferred range is 1,000 to 55 
10,000,000 Da. 

[0029] The period of time of release, and kinetics of 
release, of the substance from the microparticle will vary 



depending on the polymer or polymer mixture or blend 
selected to fabricate the microparticle. Those of ordinary 
skill in this art will be able to select the appropriate pol- 
ymer or combination of polymers, and optionally, addi- 
tives, to achieve a desired effect, in one embodiment, 
additives such as inorganic salts. BSA (bovine serum 
albumin), and inert organic compounds are used to alter 
the profile of substance release. 
[0030] Release of substrate can be achieved by dif- 
fusion or erosion (including degradation) of the polymer 
matrix, or by a combination of diffusion and erosion. The 
penmeability of polymer, and thus the diffusion rate, can 
be reduced by introduction or addition of hydrophobic 
units into the polymer, or by the addition of hydrophobic 
substances or polymers, such as kaolin, talc, magnesi- 
um trisilicate. and polylactide. into the material to be fab- 
ricated. The permeability can be increased by the addi- 
tion of hydrophilic polymers, such as polyethylene gly- 
col, sugar, and poly(vinyl pyrrolidone), or by modifying 
the polymer with hydrophilic substituents. Erosion of 
polymer microparticles can be accomplished through 
the use of biodegradable linkages. 

11. Substance to be Incorporated 

[0031] A wide range of biologically active materials, 
including biologically-labile materials, can be encapsu- 
lated in the polymer at the time of microparticle forma- 
tion. As used herein, the term biologically labile material 
refers to a biologically active material that can be ad- 
versely affected by harsh conditions, such as heat or 
organic solvents. The temn biologically active material 
refers to a protein, carbohydrate, nucleic acid, lipid, or 
a combinations thereof, or an organic molecule includ- 
ing a drug, that causes a biological effect when admin- 
istered in vivo to an animal, including but not limited to 
birds and mammals, including humans. Nonlimiting ex- 
amples are antigens, enzymes, hormones, receptors, 
peptides, polysacca rides, nucleic acids, nucleosides, 
nucleotides, liposomes, vitamins, minerals, and viruses. 
This process can also be used to encapsulate procary- 
otic and eucaryotic cells, e.g.. bacteria, yeast, and mam- 
malian cells, including human cells, and components 
thereof, such as cell walls, and conjugates of cellular 
components. A gas, including but not limited to air and 
caribon dioxide, can also be entrapped in the micropar- 
ticle to produce a microcapsule for diagnostic imaging. 
In a preferred embodiment for ultrasound imaging, mi- 
croparticles are prepared by shear coagulation that con- 
tain carbon dioxide. 

[0032] In one embodiment, an antigen is incorporated 
into the microparticle. The temi antigen includes any 
chemical structure that stimulates the formation of anti- 
body or elicits a cell-mediated response, including but 
not limited to protein, polysaccharide, nucleoprotein. li- 
poprotein, synthetic polypeptide, or a small molecule 
linked to a protein. The antigen can be administered to- 
gether with an adjuvant as desired. Examples of suitable 
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adjuvants are the synthetic glycopeptides. muramyl 
dipeptide and muramyl tripeptide. Other adjuvants in- 
clude killed Bordetella pertussis, the liposaccaride of 
Gram-negative bacteria, and large polymeric anions 
such as dextran sulfate. Other adjuvants include, but are 5 
not limited to, cytokines, diphtheria toxin, exotoxin A and 
a mucosal adjuvant such as cholera toxin (ct-A and ct- 
B), A polymer such as a synthetic polyelectrolyte can 
also be selected for fabrication of the microparticle that 
provides adjuvant activity. 

[0033] Specific antigens that can be loaded into the 
microparticles described herein include, but are not lim- 
ited to, attenuated or killed viruses, toxoids, polysaccha- 
rides, cell wall and surface or coat proteins of viruses 
and bacteria. These can also be used in combination 15 
with conjugates, adjuvants, or other antigens. For ex- 
ample. Hemophilus influenzae in the form of purified 
capsular polysaccharide (Hib) can be used alone or as 
conjugate with diphtheria toxoid. Examples of organ- 
isms from which these antigens are derived include po- 20 
liovirus, rotavirus, hepatitis A, B, and C, influenza, ra- 
bies, HIV, measles, mumps, rubella, Bordetella pertus- 
sus. Streptococcus pneumoniae, Diptitheria, Tetanus, 
Cholera, Salmonella, Neisseria, Shigella, and Entero- 
toxigenic E. coll 25 
[0034] Microparticles prepared according to this proc- 
ess can also be used to deliver water soluble or water 
insoluble drugs such as nonsteroidal anti-inflammatory 
compounds, anesthetics, chemotherapeutic agents, im- 
munosuppressive agents, steroids, antibiotics, antivi- 30 
rals, antifungals, steroidal antiinflammatories, and anti- 
coagulants. 

[0035] Non-phanmaceutical uses for the microparti- 
cles include delivery of food additives, including stabi- 
lizers and dispersants or other viscosity modifying 35 
agents, controlled and selective delivery of pesticides, 
herbicides, insecticides, fertilizer, and pheromones. and 
in color and ink formulations in the printing and ink in- 
dustry. Fragrances can also be included in the micro- 
particle. 

[0036] The substances to be incorporated should not 
chemically interact with the polymer during fabrication, 
or during the release process. 
[0037] Polymers loaded as described herein can also 
be used to coat implantable devices, i.e., stents, cathe- 45 
ters, artificial vascular grafts, and pacemakers. The 
coating can release antibiotics, anti-inflammatories. or 
anti-clotting agents at a predetermined rate, to prevent 
complications related to the implanted devices. Control- 
led delivery devices prepared as described herein can so 
also be used as ocular inserts for extended release of 
drugs to the eye. 

III. Process for the Preparation of Microparticles 

55 

[0038] The process for the preparation of microparti- 
cles described herein includes the steps of: (i) dispers- 
ing a substantially water-insoluble (including a hydro- 



phobic or cross-linked hydrophilic) polymer in an aque- 
ous solution in which the substance to be delivered is 
also dissolved, dispersed or suspended; and then (ii) co- 
agulating the polymer together with the substance by 
impact forces such as shearing forces in extrusion noz- 
zles, high-speed stirrers, colloid mills, and microfluidiz- 
ers, to form a microparticle. 

1. Preparation of Aqueous Dispersion of Hydrophobic 
Polymer 

[0039] Polymeric dispersions and their physicochem- 
ical specifications are described, for example, in Leh- 
mann, "Chemistry and Application Properties of 
Polymethacrylate Coating Systems" in "Drugs and The 
Phanrnaceutical Sciences. Vol. 36. Aqueous Polymeric 
Coatings for Pharmaceutical Dosage Fomns" Ed. J.W. 
McGinity. Marcel Dekker,lnc.. New York and Basel, 
1989, p. 1-94. 

[0040] In an aqueous polymeric dispersion, a polymer 
is dispersed in water or a water-based solution. The 
temi latex refers to a colloidal polymeric dispersion. 
Synthetic polymers produced by emulsion polymeriza- 
tion are referred to as synthetic latexes. Product pre- 
pared by direct emulsification of already fomned poly- 
mers in water are referred to as artificial latexes. The 
terms polymeric dispersions and latexes are often used 
synonymously. 

[0041] The particle size is the most important charac- 
teristic of a dispersion, and is typically between 10 and 
1000 nm. The upper limit, near 1 ^m, is imposed by ther- 
mal convection and the Brownian movement of the par- 
ticles. Dispersions which contain significant amounts of 
particles of a size of 1-3 |im or more in diameter may 
form sediments after a few hours. Dispersions are char- 
acterized by low viscosity even when they a high solid 
content. 

[0042] Methods for the preparation of aqueous dis- 
persions of polymers are well known to those of ordinary 
skill in the art, including by polymer synthesis using 
emulsion polymerization (synthetic latex) or by dispers- 
ing a preformed polymer (artificial latex), described in 
detail below. 

[0043] Emulsion Polymerization Emulsion polymeri- 
zation can be accomplished, for example, by emulsify- 
ing the desired monomers in water with stirring and add- 
ing emulsifiers that stabilize the monomer droplets. The 
polymerization is started by the addition of initiator, and 
takes place mainly in the water phase by reaction of dis- 
solved monomer molecules. The molecular weight of 
the polymer molecules in the latex can be controlled by 
the concentration and decomposition rate of the initiator. 
The number of particles per cubic centimeter of the final 
latex is often between 10'' 2 and 10^^. The particles often 
have diameters in the range of 50-200 nm. Synthetic la- 
texes typically have a narrow particle size distribution 
and good stability. Emulsion polymerization is used for 
the reduction of the methacrylic acid copolymers 
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Eudragit L 100-55, L 100. S 100 and the copolymer of 
the neutral (meth)acrylic esters Eudragit NE 30 D. 
[0044] Dispersion of a preformed polymer. Solid pol- 
ymer can be dispersed in water as a stable latex. A mi- 
crofluidlzer (M-110, Microfluidics Corporation, Newton. 
MA), geared colloid mill (e.g. PUC-Vikosator JV 14, 
Probst & Class Gmbh. Rastatt. Germany) or similar 
equipment known to those skilled in the art can be used 
to prepare the dispersion. Hydrophilic methacryllc ester 
copolymers containing small amounts of quaternary 
ammonium groups introduced and statistically distribut- 
ed in the polymer (Eudragit RL 100, RS 100) can be 
transfomied into latex like aqueous dispersions by direct 
emulsification In hot water (glass vessel equipped with 
a curved, saber like stinger, a reflex condenser, and a 
contact thermometer). 

[0045] The aqueous mixture from which the disper- 
sion is fomied can include an amphophilic polymer or a 
dispersing agent able to modify the interfacial properties 
of polymer and stabilize the dispersed particles. Exam- 
ples of amphophilic polymers are polyvinylpyrrolidone, 
poly(ethylene oxide-co-propylene oxide). Examples of 
agents that can modify the interfacial properties of dis- 
persed particles are known, and include but are not lim- 
ited to sorbitan esters, polysorbates, stearates, polyox- 
yethylene ethers (e.g. Brij 58 or Triton, sold by Sigma 
Chemical Company), digttonin, alkyl-glucopyranosides, 
caprylic acid, cholic acid, taurocholic acid, deoxycholic 
acid, and the salts of these acids, lauryl sulfate sodium 
salt, and cetylpyridinium chlorides. 
[0046] Any amount of polymer can be included in the 
dispersion that can be coagulated to a desired product. 
A preferred range of polymer in the dispersion is 20-40% 
(w/w). In general, the higher the polymer concentration 
In the dispersion, the higher the encapsulation efficien- 
cy. Eudragit NE SOD, for example, is sold in the form of 
30 and 40% dispersions. When preparing the disper- 
sion, it should be kept in mind that coagulation of poly- 
meric dispersions can be induced by steep shearing 
gradients in high-speed stirrers, colloid mills, microflu- 
idizers, electrolytes, pH and temperature changes and 
organic solvents, and therefore, these factors and com- 
ponents should be avoided during the dispersion prep- 
aration. 

2. Addition of Substance to the Aqueous Polymeric 
Dispersion 

[0047] The substance to be delivered is added to the 
aqueous polymeric dispersion in any desired concen- 
tration that provides the product of interest. In general, 
approximately between 0.01-90% by weight of sub- 
stance is combined with the polymer. 
[0048] The substance can be dissolved in the poly- 
meric dispersion directly or combined with a dispersion 
in the fonn of a solution. For example, 1 ml of 10% (w/ 
v) FITC-BSA solution in water can be mixed with 4 ml 
of EUDRAGIT NE30D to produce a 2% FITC-BSA pol- 



ymeric dispersion. In a preferred embodiment, the aque- 
ous solution of the substance to be encapsulated is 
poured into the polymeric dispersion very slowly, and 
mixed by shaking in a manner that does not cause co- 
5 agulation at this step. 

3. Preparation of Microparticle by Coagulation 

[0049] Coagulation of polymeric dispersions can be 

10 induced by mechanical forces, including steep shearing 
forces (impact forces), produced in any appropriate 
manner, including but not limited to by high-speed stir- 
rers, colloid mills, microfluidizers and spray nozzles. 
During coagulation the latex particles are layered to- 

15 gather to fonm solid microparticles containing loose ag- 
glomerates of the original latex spheres. In one embod- 
iment, soft polymer are used (i.e.. that have a glass tran- 
sition temperature below the temperature of coagula- 
tion) in the coagulation process so that the latex spheres 

20 flow together. This process is refen-ed to as coales- 
cence. At this stage the remaining water is forced out of 
the system, and virtually homogeneous particles of 
compact polymer are formed. In general, fine particulate 
dispersions produce better phase formation. 

25 [0050] Using a microfluidizer, a polymeric dispersion 
with the material to be encapsulated is pumped through 
interaction chambers which have precisely defined mi- 
crochannels through which jets of liquid pinge or hit 
against each other. This gives rise to intense turbulence 

30 and cavitation, yielding microparticles with a size de- 
fined by given thermodynamic conditions. In general, 
the higher the temperature, the softer the polymer, and 
the larger the microparticles that can be produced. 
[0051] As an example, a 7% dispersion of 80% poly 

35 (lactic ac!d)/20% Pluronic™ with a particle size smaller 
than 10-15 ^im can be produced with a M-110 laboratory 
microfluidizer (Microfluidics Corporation. Newton, MA) 
under a pressure of 15,000 psi (1 psi = 6,895 KPa) at 
0°C. This dispersion can be coagulated into microparti- 

40 cles with a microfluidizer to a size larger than 30-50 fim 
at 25**C to incorporate the material codispersed or dis- 
solved. 

[0052] The simple mixers produce microparticles 
from the polymeric dispersion by the phenomenon of 

45 cavitation and shear. Colloid mills force crude stock 
through very small clearances (for example, 1/1000 of 
an inch [1 inch = 2,54 cm]) between the two opposing 
phases known as the rotor and the stator, producing par- 
ticles by shear energy. 

50 [0053] The preferred equipment for shear coagulation 
is a spray nozzle, such as an air-atomizer sold by Tur- 
botak Corporation (Ottawa Canada), or an ultrasonic 
spray nozzle, such as Sonimist sold by Medsonic, Inc. 
(Farmingdale, NY). 

55 [0054] In one embodiment, a syringe pump is used to 
pump the polymer dispersion into a spray nozzle 
equipped with an 18 gauge blunt-end needle. The nee- 
dle enables the solution to be delivered directly to the 
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point of atomization in the nozzle. The polymer disper- 
sion containing dispersed or dissolved material to be en- 
capsulated is then forced through an orifice in the nozzle 
under air pressure and sprayed into a water bath. In- 
duced by the steep shearing gradients in the nozzle the 5 
latex particles compact into microparticles. 
[0055] The polymeric dispersion flow rate (syringe 
pump speed) typically ranges from 100 to 800 ^1/min, 
and is preferably approximately 150 |il/min. In general, 
the higher the flow rate, the larger the microparticles pro- io 
duced. The air pressure typically ranges from 25 to 75 
pounds per square inch, and is preferably approximately 
60 pounds per square inch. The distance between the 
nozzle and the water bath is typically 20 to 45 cm. and 
preferably approximately 35 cm. Short distances can is 
cause microsphere deformation. 
[0056] The shape and properties of the microparticles 
can be manipulated by decreasing the temperature be- 
low Tg to prevent coalescence (the temperature can be 
reduced to -15°C with salt solutions). If the polymer Is 20 
bearing charged groups, the permeability and swelling 
of the particle can be increased or decreased by change 
in the pH and/or ionic strength of the water bath. 
[0057] A gas can be encapsulated by the creation of 
turbulence and cavitation by means of mechanical fore- 25 
es. 

IV. Examples of Microparticle Fabrication 

[0058] Microparticles. and in particular, micro- 30 
spheres, were prepared by the coagulation of an aque- 
ous dispersion of polymer with the entity of interest by 
shearing forces occurring at an air-atomizing nozzle. Mi- 
crospheres were dispersed and stabilized in distilled 
water, however, the pH and ionic strength of water so- 35 
lution can be modified as described above to manipulate 
the stability, permeability and swelling degree of poly- 
meric matrix as desired. 

[0059] Using the process described in detail above, 
one of ordinary skill in the art can produce a wide variety 40 
of microparticles with diverse properties. The process 
described herein is further illustrated in the following 
non-limiting examples. These examples are merely il- 
lustrative. 

45 

EXAMPLE 1 Preparation of Microspheres Using 
Shear Coagulation of Aqueous Dispersion of 
Neutral Poly(meth)acrylates 

[0060] Microspheres were prepared by spraying 10 so 
ml of a 30% aqueous polymeric dispersion of poly(ethyl 
acrylate-co-methyl methacrylate) (EUDRAGIT NE 30 D) 
with molar ratio of 2:1 and mean molecular weight 
800,000 Da into a conical flask containing 200 ml of 
deionized water using a Turbotack air-atomizing nozzle. 55 
The dispersion was coagulated by shearing forces oc- 
curring inside the nozzle, micronized to 5-15 ^m spher- 
ical microparticles, collected in water. The flow rate of 



polymeric dispersion was 150 ^im/min and was control- 
led by a SP200I Syringe pump (World Precision Instru- 
ments. U.S.A.). The air pressure was 25 psi. and the 
distance between the nozzle and the surface of water 
was 30 cm. Microscopic observations, using phase con- 
trast light microscope (CK2 Olimpus Optical Co., LTD, 
Japan), revealed that resulting microparticles were 
spherical with average diameter 1-10 ^im. Microspheres 
were concentrated by centrifugation at 2000 for 10 min- 
utes. 

EXAMPLE 2 Preparation of Microcapsules Using 
Shear-coagulation of Aqueous dispersion of Ionic 
Poly(meth)acrylates 

[0061] Example 1 was repeated using a 30% aqueous 
dispersion of poly(methacrylic acid-co-ethylacrylate) 
with a molar ratio of 1:1 and molecular weight of 
2500.000 Da (EUDRAGIT L 30 D). The resulting micro- 
spheres were collected in water solution of HCI (pH 4.5). 
The resulting microparticles were spherical with a diam- 
eter of 1 -20 microns. 

EXAMPLE 3 Formation of Polymeric Microcapsules 
Incorporating Proteins 

[0062] EUDRAGIT NE 30 D loaded microspheres 
were prepared by dissolving 60 mg of fluorescein-la- 
beled bovine serum albumin (FITC-BSA. MW 68.000 
Da, sold by Sigma Chemical Company) in 3 ml of 30% 
aqueous polymeric dispersion, and then spraying the 
aqueous polymeric dispersion with 2% FITC-BSA into a 
conical flask containing 200 ml of deionized water using 
a Turbotack air-atomizing nozzle. The flow rate of the 
polymeric dispersion was 150 jil/min, the air pressure 
was 25 psi, and distance between the nozzle and sur- 
face of water was 30 cm. Microscopic observation re- 
vealed that resulting microparticles were spherical with 
an average diameter 1-10 \im. 

EXAMPLE 4 Polymeric Microparticles Containing 
Entrapped Protein 

[0063] The EUDRAGIT NE 30 D microparticles load- 
ed with FITC-BSA (MW 68,000 Da) prepared as de- 
scribed in Example 3 were analyzed to determine the 
amount of BSA encapsulated in microparticle and thus 
determine the efficiency of encapsulation. Fluorescence 
of the microparticles was measured at the excitation/ 
emission wavelength of 485/535 nm (Screen Machine, 
IDEXX™ PCFIA System) and was also detected in a 
fluorescent microscope (BH2 Olimpus Optical Co., LTD, 
Japan). 4.3% w/w BSA relative to dry weight of polymer 
was recovered, indicating an efficiency of encapsulation 
of 65%. The release profile of FITC-BSA measured in 
isotonic solution at 37°C is illustrated in Fig. 1. 
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EXAMPLE 5 Effect of Coagulation Conditions on 
l\/licrosphere Formation 

[0064] In order to increase the efficiency of FITC-BSA 
encapsulation, various process conditions, polymeric 
dispersion flow rates and air pressure were evaluated. 
All other conditions as set out in Example 5 were kept 
constant. The highest percent of encapsulation, 65%, 
was achieved with a flow rate of 150 ^l/min, and an air 
pressure of 25 psi. 

EXAMPLE 6 Effect of Protein Loading on 
Microsphere Formation 

[0065] In an effort to increase the loading of FITC- 
BSA in the methods, the process of Example 5 was re- 
peated using 200 mg of FITC-BSA dissolved in a 30% 
EUDRAGIT NE 30 D dispersion. The loading of FITC- 
BSA was 4.3% (w/w) relatively to dry polymer weight. 

V. Pharmaceutical Administration of Microparticles 

[0066] The microparticles described herein can be 
administered to a patient in a variety of ways, including 
orally, intramuscularly, subcutaneous ly, by aerosol or 
othertopical application. In a prefen^ed embodiment, the 
microparticles are applied to a mucosal membrane, 
such as the lung, nasal-phyrngial regions, rectum, or va- 
gina. 

[0067] The microparticles can be lyophilized and then 
fomnulated into an aqueous suspension (preferably 
5-45% w/w) prior to use. The microparticles can be re- 
suspended into any appropriate liquid, including but not 
limited to water, aqueous buffers, aqueous acid or base, 
or water/alcohol solutions. Alternatively, the microparti- 
cles can be fomnulated into a paste, ointment, cream, or 
gel. 

[0068] The microparticle should contain the sub- 
stance to be delivered in an amount sufficient to deliver 
to a patient a therapeutically effective amount of com- 
pound, without causing serious toxic effects in the pa- 
tient treated. The desired concentration of active com- 
pound in the microparticle will depend on absorption, in- 
activation. and excretion rates of the drug as well as the 
delivery rate of the compound from the microparticle. It 
is to be noted that dosage values will also vary with the 
severity of the condition to be alleviated. It is to be further 
understood that for any particular subject, specific dos- 
age regimens should be adjusted over time according 
to the individual need and the professional judgment of 
the person administering or supervising the administra- 
tion of the compositions. The microparticles can be ad- 
ministered once, or may be divided into a number of 
smaller doses to be administered at varying intervals of 
time, depending on the release rate of the particle. 



Claims 

1. A method for preparing a microparticle, comprising 
the steps of: 

5 

(i) dispersing a hydrophobic polymer in an 
aqueous solution in which a substance to be 
delivered is also dissolved, dispersed or sus- 
pended; and then 
10 (ii) coagulating the polymer together with the 

substance by impact forces. 

2. The method of claim 1 , wherein the substance is a 
biologically active material. 

15 

3. The method of claim 2, wherein the substance is 
labile to heat or organic solvents. 

4. The method of claim 2. wherein the biologically ac- 
20 tive material Is selected from the group consisting 

of proteins, carbohydrates (for example a polysac- 
charide), nucleic acids, nucleosides, nucleotides, li- 
posomes, vitamins, dmgs and minerals. 

25 5. The method of claim 4, wherein the material is a 
protein, such as an antigen, enzyme, or hormone; 
or is a procaryotic or eucaryotic cell, such as a bac- 
teria, yeast, or a mammalian cell; or comprises a 
component of a cell wall. 

30 

6. The method of claim 1. wherein the substance is a 
gas. 

7, The method of claim 1 , wherein the hydrophobic 
35 polymer is selected from the group consisting of 

partially or completed esterified polymers or copol- 
ymers of acrylic or methacrylic acid, polyphosp- 
hazenes. polycarbonates, polylactic acid, polygly- 
colic acid, copolymers of lactic acid or glycolic acid, 
40 polyhydroxybutyric acid, polyorthoesters, polyan- 
hydrides, polysiloxanes, polycaprolactone, and co- 
polymers prepared from the monomers of these pol- 
ymers. 

45 8. The method of claim 1, wherein the hydrophobic 
polymer is provided in the form of a copolymer to- 
gether with monomers of a hydrophilic polymer se- 
lected from the group consisting of polyvinylpyrro- 
lidone, polyvinylalcohol, polyhydroxyethylmethacr- 

50 ylate, polyacrylamide, polymethacrylamide, and 
polyethyleneglycol. 

9. The method of claim 5, wherein the material is an 
antigen selected from the group consisting of polio- 
55 virus, rotavirus, hepatitis A, B, and C, influenza, ra- 
bies, HIV. measles, mumps, rubella, Bordetella per- 
tussus, polysaccharides from Streptococcus pneu- 
moniae. Diphtheria toxoid. Tetanus toxoid. Cholera, 
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Salmonella, Neisseria, Shigella, and Enterotoxi- 
genic EcolL 

10. The method of claim 4, wherein the material is a 
drug selected from the group consisting of nonster- 
oidal anti-inflammatory compounds, anesthetics, 
chemotherapeutic agents, immunosuppressive 
agents, steroids, antibiotics, antlvirals, antifungals, 
steroidal antiinflammatories, and anticoagulants. 

11. The method of any one of the preceding claims, 
wherein the impact force Is created In an air-atom- 
ization nozzle, a pneumatic nozzle, a microfluidizer, 
a high-speed stirrer, or a colloid mill. 

12. The method of any one of the preceding claims 
wherein the microparticle is spherical or irregularly 
shaped. 

13. The method of claim 1, wherein the substance is a 
fragrance. 

14. The method of any one of the preceding claims, fur- 
ther comprising: 

(iil) dispersing the coagulated polymer in a wa- 
ter solution including an electrolyte, or 

(iii) dispersing the coagulated polymer in a wa- 
ter solution which is adjusted to a preselected 
pH.or 

(iii) dispersing coagulated polymer in a water 
solution which is adjusted to a preselected tem- 
perature. 

15. The method of claim 14 wherein the water solution 
Is cooled. 

16. A microparticle obtainable by a process according 
to any one of claims 1 to 1 5, wherein the substance 
to be delivered is destroyed or inactivated at the 
melting point of the hydrophobic polymer, and 
wherein the microparticle does not comprise organ- 
ic solvent residues or ionic cross-linkages. 

17. A microparticle according to claim 16, wherein; 

(iii) the polymer is substantially insoluble in the 
aqueous solution of use for the dispersion; and 

(iv) the polymer can form an aqueous disper- 
sion in the presence or absence of an agent 
modifying the surface properties of the polymer. 

18. A microparticle according to claim 16, wherein the 
microparticle is a solid microparticle comprising 
loose agglomerates of the polymeric dispersion. 



Patentanspruche 

1. Verfahren zur Herstellung eines Mikroteilchens in 
folgenden Stufen: 

5 

(i) Dispergieren eines hydrophoben Polymers 
in einer walirigen Losung, in welcher eine ab- 
zugebende Substanz ebenfalls gelost, disper- 
giert Oder suspendiert ist, und anschlieliend 

10 

(ii) Koagulieren des Polymers zusammen mit 
der Substanz durch Schlagkrafte. 

2. Verfahren nach Anspruch 1, wobel es sich bei der 
15 Substanz um ein biologisch aktives Material han- 

delt. 

3. Verfahren nach Anspruch 2, wobei die Substanz 
gegen Warme oder organische Losungsmittel labil 

20 ist. 

4. Verfahren nach Anspruch 2, wobei das biologisch 
aktive Material aus der Gruppe, bestehend aus Pro- 
teinen, Kohlenhydraten, beispielsweise einem Po- 

25 lysaccharld. Nucleinsauren, Nucleosiden. Nucleoti- 
den, Liposomen, Vitaminen, Arzneimittein und Mi- 
neralien ausgewahit ist. 

5. Verfahren nach Anspruch 4, wobei das Material aus 
30 einem Protein, z.B. einem Antigen. Enzym oder 

Homion, oder einer prokaryotischen oder eukaryo- 
tischen Zelle, z.B. einer Bakterien-, Hefe- oder Sau- 
getierzelle, besteht, oder eine Komponente einer 
Zellwand umfasst. 

35 

6. Verfahren nach Anspruch 1, wobei die Substanz 
aus einem Gas besteht. 

7. Verfahren nach Anspruch 1 , wobei das hydrophobe 
40 Polymer aus der Gruppe, bestehend aus teilweise 

Oder vollstandig veresterten Polymeren oder Cop- 
olymeren von Acryl- oder Methacrylsaure, Poly- 
phosphazenen, Polycarbonaten, Polymilchsaure, 
Polyglykolsaure, Copolymere von Milchsaure oder 
45 Glykotsaure, Polyhydroxybuttersaure, Polyorthoe- 
stern, Polyanhydriden, Polysiloxanen, Polycapro- 
lacton und aus den Monomeren dieser Polymeren 
hergestellten Copolymeren ausgewahit ist. 

50 8. Verfahren nach Anspruch 1 , wobei das hydrophobe 
Polymer in Form eines Copolymers zusammen mit 
Monomeren eines hydrophilen Polymers, ausge- 
wahit aus der Gruppe, bestehend aus Polyvinylpyr- 
rolidon, Polyvinylalkohol, Polyhydroxyethylme- 

55 thacrylat, Polyacrylamid. Polymethacrylamid und 
Polyethylenglykol bereitgestellt wird. 

9. Verfahren nach Anspruch 5, wobei das Material aus 
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einem Antigen (ausgewahit) aus der Gruppe, be- 
stehend aus Poliovims, Rotavirus, Hepatitis A, B 
und C, Influenza. Tollwut, HIV, Masern, Mumps, R6- 
teln. Bordetella pertussus, Polysacchariden aus 
Streptococcus pneumoniae, Diphtherietoxoid, Te- 
tanustoxoid, Cholera, Salmonella, Neisseria, 
Shigella und enterotoxigenem E. coli, ist. 

10. Verfahren nach Anspruch 4, wobei es sich bei dem 
Material urn ein Arzneimittel, ausgewahit aus der 
Gruppe bestehend aus nicht-steroidalen entzun- 
dungshemmenden Verbindungen, Anasthetika, 
Chemotherapeutika, Immunsuppressiva, Stero- 
iden, Antibiotika, antivlralen Mitteln, Mittetn gegen 
Pilze, steroidalen entzundungshemmenden Mitteln 
und Antikoagulantien handelt. 

1 1 . Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Schlagkraft in einer Luftzerstau- 
bungsduse, einer Druckluftduse, einer Mikrowirbel- 
schicht, einem Hochgeschwindigkeitsruhrer oder 
einer Kolloidmuhle erzeugt wird. 

12. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei das Mikroteilchen kugelig oder unregel- 
malilg geformt Ist. 

13. Verfahren nach Anspruch 1, wobei es sich bei der 
Substanz urn ein Aroma handelt. 

14. Verfahren nach einem dervorhergehenden Anspru- 
che, wobei zusatzlich 

(iii) das koagulierte Polymer in einer elektroly- 
thaltigen waRrigen Losung, oder 

(iii) das koagulierte Polymer in einer auf einen 
vorgewahlten pH-Wert eingesteliten waRrigen 
Losung, oder 

(iii) das koagulierte Polymer In einer auf eine 
vorgewahlte Temperatur eingestellten waBri- 
gen Losung dispergiert wird. 

1 5. Verfahren nach Anspruch 1 4, wobei die walirige Lo- 
sung gekuhit wird. 

16. Mikroteilchen, erhaltlich nach einem Verfahren ge- 
maB einem der Anspruche 1 bis 15, wobei die ab- 
zugebende Substanz beim Schmelzpunkt des hy- 
drophoben Polymers zerstort oder inaktiviert wird 
und wobei das Mikroteilchen keine organischen L6- 
sungsmittelruckstande oder ionischen Vernetzun- 
gen umfasst. 

17. Mikroteilchen nach Anspruch 16, wobei 

(iii) das Polymer im wesentlichen unloslich in 
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der wadrigen Losung zur Verwendung fiir die 
Dispersion ist und 

(Iv) das Polymer eine waRrige Dispersion in 
Gegenwart oder Abwesenheit eines die Ober- 
flacheneigenschaften des Polymers modifizie- 
renden Mittels bilden kann. 

18. Mikroteilchen nach Anspruch 16, wobei das Mikro- 
teilchen ein lockere Agglomerate der Polymerdi- 
spersion umfassendes festes Mikroteilchen ist 



Revendications 

1. Precede pour preparer une microparticule, compre- 
nant les 6tapes consistent : 

(i) ^ disperser un polymere hydrophobe dans 
une solution aqueuse dans laquelle une subs- 
tance a delivrer est aussi dissoute, dispersee 
ou en suspension ; puis 
(il) a coaguler le polymere avec la substance 
par des forces de choc. 

2. Precede selon la revendication 1, dans lequel la 
substance est une matiere biologiquement active. 

3. Precede selon la revendication 2, dans lequel la 
substance est labile ^ la chaleur ou aux solvants 
organiques. 

4. Precede selon la revendication 2, dans lequel la 
matiere biologiquement active est choisie dans le 
groupe constitue par les proteines, les hydrates de 
carbone (par exemple un polysaccharide), les aci- 
des nucleiques, les nucleosides, les nucleotides, 
les liposomes, les vitamines, les medicaments et 
les mineraux. 

5. Procede selon la revendication 4, dans lequel la 
matiere est une protelne, tel qu'un antigene, une en- 
zyme ou une hormone ; ou est une cellule proca- 
ryote ou eucaryote, telle qu'une bacterle, une levure 

45 ou une cellule mammlfere ; ou comprend un cons- 
tituant d'une parol cellulaire. 

6. Procede selon la revendication 1, dans lequel la 
substance est un gaz. 

Proced§ selon la revendication 1, dans lequel le po- 
lymere hydrophobe est cholsl dans le groupe cons- 
titue par les polymeres ou copolymeres partielle- 
ment ou completement esterifi6s de Tacide acryli- 
que ou methacrylique, les polyphosphazenes, les 
polycarbonates, un acide polylactique, un acide po- 
lyglycolique. les copolymeres d'acide lactique ou 
d'acide glycolique, un acide polyhydroxybutyrique, 



75 



20 



25 



30 



35 



40 



50 



55 



10 



19 



EP 0 720 471 B1 



20 



les polyorthoesters, les polyanhydrides, les polysi- 
loxanes, une polycaprolactone, et les copolymferes 
prepares a partir des monomferes de ces polymfe- 
res. 

8. Proc6d§ salon la revendication 1 , dans lequel le po- 
lymfere hydrophobe est fourni sous la forme d'un co- 
polymfere avec des monomferes d'un polym6re hy- 
drophile choisi dans le groupe constitu§ par une po- 
lyvinylpyn-olidone, un alcool polyvinyllque, un m§- 
thacrylate de polyhydroxy6thyle, un polyacrylami- 
de, un polym^thacrylamide et un poly6thyl6negly- 
col. 

9. Proc6de selon la revendication 5, dans lequel la 
matiere d'antigene estchoisie dans le groupe cons- 
titue par le poliovirus. le rotavirus, rh6patite A, B et 
C, la grippe, la rage, le VIH, la rougeole, les 
oreillons, la rub6oIe, Bordetella pertussus, des po- 
lysaccharides de Streptococcus pneumoniae. 
Diphtheria toxoid, Tetanus toxoid, Cholera, Salmo- 
nella, Neisseria, Shigella et E co// entero-toxigene. 

10. Proc§de selon la revendication 4, dans lequel la 
matiere est un m6dlcanrient choisi dans le groupe 
constitue par les composes anti-inflammatoires non 
steroTdiens. les anesth^siques. les agents chimio- 
therapeutiques, les agents immunosuppresseurs, 
les st6roTdes, les antibiotiques, les antiviraux, les 
antifongiques, les anti-inflammatoires st6roTdiens 
et les anticoagulants. 

1 1 . Proced6 selon Tune quelconque des revendication s 
prec6dentes, dans lequel la force de choc est cre§e 
dans une buse d*atomlsatlon par I'air, une buse 
pneumatique, un microfluidiseur, un agitateur ^ 
haute Vitesse ou un moulin a co Hot des. 

12. Precede selon Tune quelconque des revendications 
prec6dentes, dans lequel la microparticule est 
spherique ou de forme irregulidre. 

13. Proc6d6 selon la revendication 1, dans lequel la 
substance est un parfum. 

14. Precede selon Tune quelconque des revendications 
prec6dentes, comprenant en outre : 

(iii) la dispersion du polym^re coagul§ dans une 
solution aqueuse incluant un electrolyte, ou 
(iii) la dispersion du polym^re coagu!6 dans une 
solution aqueuse qui est r6glee ^ un pH choisi 
au pr^alable, ou 

(iii) la dispersion du polymere coagule dans une 
solution aqueuse qui est reglee ^ une tempe- 
rature choisie au pr^alable. 

15. Proc6d§ selon la revendication 14, dans lequel la 



solution aqueuse est refroldie. 

16. Microparticule pouvant etre obtenue par un prece- 
de selon rune quelconque des revendications 1 a 

5 15, dans lequel la substance ^ delivrer est detruite 
ou inactiv^e au point de fusion du polymere hydro- 
phobe, et dans lequel la microparticule ne com- 
prend pas de r6sidus de solvant organique ni de re- 
ticulations loniques. 

10 

17. Microparticule selon la revendication 16, dans 
laquelle ; 

(iii) le polymere estsubstantlellement insoluble 
15 dans la solution aqueuse ^ utiliser pour la 

dispersion ; et 

(iv) le polymere peut fomfier une dispersion 
aqueuse en presence ou en I'absence d'un 
agent modifiant les proprietes de surface du po- 

20 lymere. 

18. Microparticule selon la revendication 16, la micro- 
particule etant une microparticule solide compre- 
nant des agglom6rats non tasses de la dispersion 

25 polymdre. 
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